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SUMMARY

An 1nvestiga.tion was conducted to determins the knock-limi‘bed.
power obtainable by injecting water solutions of moncme thylemine
and dimethylamine as intermal coolants into a CFR englne using AN-F-28,
Amendment-2, fuel. Approximately saturated solutions were used
vhich resulted In'32 percent by welght of monomethylamine ln water
and 27 percent by welght dimethylemine in water. The intermal cool-
ants were InJected in the following proportions: water and the .
moncmethylemine -water solution, 0.25 and 0.50 pound per pound of fuel;
dimethylemine-water solution, 0.25, 0.50, and 0.75 pound per pound of
fuel. In addition, a test was conducted with 0.50 pound dimethylamine+
weter solution per pound of fuel to determine the effect on englne
Performance of increasing the exhaust back pressura at high power. .
outputs..

During the investigation, an indlcated mean effective pressure
of 967 pounds per square inch was attalned at a fuel-air ratio of
0.092 when using a 0.75 pound dimethylemine-water solution per pound
of fuel. For fusl-air ratlos between 0.05 end 0.10, increasing the
exhaust pressure had little effect c¢m the lmock-limited. 1ndicated.
mean effective pressurse.

INTRODUCTION

The effect of injJecting water Into the Iintake-alr system of an
alrcraft engine has been investigated by many laboratories. These -
investigations show that considerable increases in knock-limited
power (references 1, 2, and 3) and temperature-limited power (refer-
ences 4 and 5) are possible. Additionel improvements in.performance
have been noted when mixtures of water and water-soluhle compounds
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rethor than water alone were used. Varlous laboratorles have tested
methyl and ethyl alcohol; Heron and Beatty (reference 6) tested
isopropyl alcohol; the laboratorles of Shell Development Company
tested monomethylemine, finding it much more effective than methyl
alcohol; end the laboratorles of the NACA tested methyl alecochol,
ethyl alcohol, ammonium hydroxide, monomethylamine, dimethylemine,
and trimethylemine. (See references 7 and 8.) The use of water-
soluble as well es fuel-soluble antiknock additives can therefore be
applied toward the improvement of alrcraft-englne performance.

Tests of three allphatic amines in a CFR englne have been con-
ducted at the NACA Alrcraft Englne Research Laboratory as part of a
generel investigation of the antiknock effectiveness of lntermal
coolants. The preliminary tests, which are presented in reference 8,
indicated that monomethylemine-water and dimethylamine-weter solu-
tions are extremely effective 1n ralsing the knock-limlted perform-
arce of AN-F-28 fuel. The range of operatlon of those teats, howetTer,
was limited to a fuel flow of 30 pounds per hour end an inlet-alr
pressure of 150 inches of mercury absolute. After the limits were
raised to a fuel flow of 80 pounds per hour and an inlet-alr pressure
of 225 inches of mercury absoclute, additional tests were run during
vhich two four-hole cylinders werse cracked at an indicated mean
effoctive pressure of 700 pounds per square inch. The research pro-
Ject was contlnued during May and June 1944 after a speclally
machined two-hole cylinder had been obtained. Data obtalned wlth
the new cylinder and the extended fuel-flow and alr-flow limlts are
presented herein.

ENGINE AND AUXTLTARY EQUIPMENT

A standard CFR high-speed crankcese equipped with copper-lead
maln bearings, a thick walled wrist pin, and an extra heavy aluminum
piston was used for these tests. The cylinder was sirillar to a
standard CFR casting except that the bouncing-pin hole wag tepped
with an 18-millimeter spark-plug thread at an angle of 25° to the
vertical and the inside cormer between the cylindricel well and the
flat-top head was machined with a 1/4-inch fillet to DPrevent stress
concentration. Sodium-cooled exhaust and lnteke valves were installed,
The 100-horsepower dynemometer was commected to the engine by means of
& coupling and a bell flange bolted directly to the engine flywheel.

The fuel-flow and alr-flow systems were the seame as described
in reference 8 except that a two-cylinder injection pump delivered
fuel to the manifold. The amine solutions were forced directly from




NACA ‘ARR Fo. P4L2L L ' 3
. P -' ,- '.r'. -!. ‘: ':

the supply drum to the rotemeter by & léw-préssure. air supply and

then passed through a circulation pump and a cooler to a high .

DPressure injectionpump. The internal ooolant was intermittently

injected into the intake manifold through a high pressure nozzle

beginning at 110° A.7.C. on the intake -stroke. When water was -

used for the coolent, 1t was taken direetly from the city mains

to the rotemeter measuring: the intermel-coolant flow.

A dual combustion-air system:was- installed whereby inlet-air
pressures up to 190 inches of mercury absolute. were.obtalned with &
Preseure regulator; inlet-air Dressures’ fram 190 to 225 inches of
mercury absolute were cbtained by throt‘bling directly frdm the air
supply. Air measurements were taken eé described in. reference 8
except that the high orifice differential pressures -were read on a
mancmetex containd.‘ng tetm'bmoe'bhane instead of water. . : )

A special apark plug inserted in the slanted tgp cylind.er
hole ignited the charge: The seme spark plug was used for.all
tests and did not require cleaning during the tests. Knock was
detected by a magnetostriction pickup unit and was record.ed. on a
cathode-~ray oscillogra.ph

A surge -tenk w:lth & volume of zl cublc feet was placed in the |

exhaust line very cloae to the engine 'I‘he surge tank gave a mmooth
control on the exhaust back pressure and reduced surging when atmos-
pheric back pressure was deslred.

TEST PROCEDURE

The intermal coolants tested were: (1) water, (2) a solution
of 32 percent by weight monomethylemine in water, and (3) a solution
of 27 percent by weight dimethylamine in water. The amine-watexr.
solutions were obtained camercially and were of a technical grade.

Each test consisted of a series of knock-limited runs covering
the normel range of fuel-alr ratios. A few of the tests were cub
short because the inlet-pressure limit of 225 inches of mercury
abeolute or the fuel-flow limit of 80 pounds per hour wes reached.
During all tests the following engine cofiditions were maintained
constant:
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Englne 8peedy, IPM « o « © o 2 s s o o s s s o s s o ¢ s« u o« o 2500
Compression ratio . « ¢« ¢ +» ¢ ¢« ¢« v ¢« o ¢« 2 s o o s 2 s o« o =« -1.0
Spark edvanoce, deg@ B.T-Ce « ¢ =« ¢ = & o s v s s s s o s s s = o« 30-
Inlet-air temperature; OF . . ¢« « ¢« ¢« ¢« 4+ ¢« ¢« ¢« s o s ¢« « o« +» 250
Coolant temperature, 'OF "« % « ¢« v «"a i s s°s » o 2°¢ s o« « o 250,
Oil'bempera.ture,c’]!‘-...'.:.-...r.-.'.......;..-=.150

The ratio 'betwen fuel flow and mtemal-coolant flow was
maintained by using & rotameter in edch 'line end by preportiasmately
changin the two flows. . The fuel flow was checked with an autcmgtic .
fuel-weighing stand. The fusl rotameter wes celibrated ageinet the
fuel-welghing stand, and the coolant rotemeter was similarly call-
brated for each internal coolant. A single batch of AN-F-28, :
Amendment-2, fuel was used:for .all tests.

¢ : ) T,
PRESENTATIOR OF RESULTS

The knock-limited indlicated meen effective pressure, the inlet-
alr pressure, the Indlcated specific fuel consumption, and the
indicated specific liquid consumption as funétions of fuel=-alr ratio
are presented in filgures 1, 2, .and 3 for stralght fuel and for fuel
plus the intermal coolants added -in the proportion of 0.25, 0.50,-
and 0.75 pound per pound of fuel. All contributions’ to the heat of
cambustlon by the internal coolents were entirely neglected when
the fuel consumptions were computed. All tests were run at approxi-
metely atmospheric exhaust pressure extept one which was run at an
exhaust pressure equal to half the inlet-alr pressure. The results
of this test, in vhich 0.50 pound dimethylemine solution was injected
per pound fuel, are presented in figure 3. The relatlve powers
resulting from the use of intermal coolants were calculated from the
curves in figures 1 to 3 and are glven for several fuel-alr ratlos
in table I. .

The curve for stralght fuel shown on flgures 1 to 3 represents
the average of seven tests, one of which was run on the same day as
one or more of the intermal-coolant tests, It was necessary to
average these seven curves because they were not in close agreement,
presumably because of the effect on the engine of the extremely high
povwers that were attained between the check tests. The maximum
variation from the meen curve of indicated mean. effective pressure
was gbout 12 pounds per square inch near the_ stoichimetricmixture
ratio and decreased to ahout.3 poumls per square inch at a fusl-air -
ratio of 0.105 and higher. .
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.The power cuxrves in figures 1l(a) and 2(a) demonstrate that with
va:l:er ‘the greetest power increases were obtalned at or near the
. .stodchi ometric-mixture. ratio. The emine solutions, .on the other
-hand, gave thelr greatest increases in the rich-mixture reglon. For
. each intermal  coolant-fuel ratlio, the emine solutions allowed higher
knock-limited powers and lower indicated specific fuel consumptlons
at.fuel-air ratios below 0.09 than did water. Except for e small
reglon.around the stoichiometric-mixture ratio, the additlon of
0.25 pound of either amime solutlon permitied greater knock-limited
- powers than 414 the addition of 0.50 pound of water per pound of
f‘uﬁl.

The injection of 0.75 pound d.‘lmethylamine-vater solution per
pound fuel permitted the attalmment of a kmock-limited indicated
mean effective pressure of 967 pounds per square linch, corresponding
to 3.05 indicated horsepower per cubic-inch displacement, at a fuel-
alr ratio of 0.092. Completion of the test was prevented by the:
fallure of a cylinder stud; the resulting vibration of the cylindér
cracked the intake manifold. The engine, which had undergone
55 hours of operation since an overhaul, was inspected and the fol-
Jowing conditions were noted:

" 1. The aluminum piston was quite clean and the rings were ell
free with no filling of the oil slota. (8ee fig. 4.)

- 2. The cylinder showed about 0.001 inch of wear throughout the
. entlre length of ring travel. -

3. There was ezcessin wear of the rings, which were of the
keystone type used in the F-4 rating engine. The top compression
ring was worn so much that 1ts compressed gap increased 0.029 inch
in addition to the increase permitted by the cylinder wear. The
increeses in the compressed gap of the other rings were alightly
less.

.4. The exhaust-valve crown was pitted and the stem wae rusted
and scuffed, but 1ts seat was Iin fairly good condition. The Ilntake
velve was unaffected, (See fig. 4.) ) .

Additional tests were umderteken after larger cylinder wmbuds,
a new intake manifold, and a new piston had been installed. The
eylinder wall failed at an indicated mean eéffectlve pressure of
895 pounds per square inch d.m:'ing a test us:Lng 0 75 pound.
dimethylemine~-water solution 'per pound fusl. -
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In the hlghSpower ranges reached in these tests, the knock
1imit beceme quite broad and was hard to discern. .In one instance .
the boost. was accidentally increased 20 pounds per square inch above
the pressure where knock began, and the ensuing knock trace on the
oscilliiscope did not seem unduly heavy. ¥No preignitlon was encoun-
tored during the tests. Afterfiring occured only in the tests using
0.75 pound dimethylemine-weter solution Per pound fuel and 0.50 pound
monamsthylemine-water solution per pound fuel in the fuel-ailr-retilo
ranges -fram 0.046 to 0.080 and fram 0.074 to 0.085, reéspectively.
During similar tests reported in reference 8, much afterfiring .and.
Prelgnition occured, as well as frequent spark-plug fallures. The
minimizetion of these difficulties may have resulted from the use
of a different type cylinder, spark plug, or both.

Increasing the exhaust back pressure had little effect on the
knock~-limited indicated mean effective Ppressure at fuel-alr ratlos
between 0.05 and 0.10, as shown in figure 3. For fuel-alr ratios
higher than 0.10, rough running and severe decreases in power out-
Put as compared with the atmospheric back-pressurs test were
obgerved. )

The exhaust temperatures were measured for the test using
0.50 pound dimethylemine-water solution per pound fuel and for one
of the straight-fuel check tests. Thess temperatures are plotted
agalnst fuel-alr ratlo in figure 5. Although the kmock-limited
Pover obtained in the - test using dimethylemine ranged from 1.6 to
5.2 tlmes that obtailned with straight fuel, the exhaust tempsratures
remained lower except in the lean reglon. There 1s reason to
believe that the temperature readings are low inammuch as the thermo-
couple had only a single shield to prevent radiation, but this error
should not affect the relative positlon of the two curves. The
thermocouple and the shileld were destroyed when the engine was opera-
ting et a knock-limlited indicated mean effective pressure of about
800 pounds per square inch.

The required indlceted specific ligquid consumptions, for the
powers attalned, cen be estimated for the intermal coolants from
figure 6. For a given knock-limited lndicated mean effective pres-
sure, 0.25 pound of the emine solutlions gave appreciably lower indl-
cated specific ligquid consumptions then did either 0.25 or
0.50 pound of water. For each rich-mixture renge of knock-limited
Performances, the followlng combinations of internal coolents and
coolant-fuel ratlos were observed to glve the lowest lndicated spe-
cific liquid consumptions:
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- - -~ Imep -rangs - comm. " Internal coolant - |Internal

(1b/sq 1in.)|minimm 1slc coolant~-
A f‘-zeJ' " .
S b 7,2 ST i T
*  Below 220 |0.44 to0.0.53 |None : CeT ————————
220 to 370 | 0.53 to 0.63 Monanethylam:l,ne solu- |.0.35 -.
' {tion : S

370 t6 440 | 0.63 to 0.71 :|Dimethylemine solution] .50
440 to 960 | 0.71 to 1.10 |Dimethylemine po}utionw a5 T

- —— o |_'___-.

The steep upward sla.n‘b of the power curves for the tests using
0.50 and 0.75 pound of emine solution per pound of fuel indicates
that still higher powers are feasible. (See figs. 2, .3, and 6.)

SUMMARY OF RESULTS'

The results of knock-ld.mited: tests of monomethylam.ne-water and
dimethylamine-water solutions es 1nternal coolants- in a CFR engine
may be summerized as follows:

1. When 0.75 pound dimethylemine-water solution.per pound of
fuel was used, a knock-limited indicated meen effective pressure of
967 pound per square inch, corresponding to 3.05 Indicated horse-:
power per cubic-inch displacement, wes attained at a fuel-air ratio
of 0.092. Completlon of the test was prevented by engina fallure.

2. For any attained power level thé indicated specific liguid
consumption was appreciable lower for the amine-wa.ter solutions than
for water alone. .

3. Increasing the exhaust back pressure had little effect on
the knock-limited indicated mean effective pressure at fuel-alr
ratios between 0.05 end 0.10. For fuel-alr ratios higher than 0.10,
rough running and severe decreases in power output as compared with
the atmospherlc back-pressure test were observed.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics, ~
Cloveland, Ohlo. '
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TABLF. I - ENOCK-LIMITED RELATIVE POWERS RESULTING FROM
THE USE OF INTERNAL. COOLANTS
[cFR engine; compression retio, 7.0; inlet-air tempera-

ture, 250° F; coolant temperature, 250° F; spark advance,
30° B.T.C.; engine speed, 2500 rpm ]

Internal Welght of]imep (fuel + internal coolant)
coolant coolant imep (fuel alone)
per pound Fuel-air ratio®
of fuel uel-air ra
(1b) 0.05|0.06[0.07}0.08}0.09{0.10
None = = |=acecaaa- 1,00]1.0011.00}2.00]1.00(1.00
Water 0.25 ---=11.2541.21]1.2111.16}1.08
.50 ~---11.48(1.48]1.37|1.24]1.13
32 percent 0.25 1.7811.4611.66]1.75|1.70|1.60
moncmethylamine - .Hn0 2.2212.16)2.,18(2.17}2.,142.18
water solution
27 percent 0.25 1.72|1.42}1.51]1.59|1.57|1.55
dimethylamine-~ .50 1.62}1.61}2.02|2.16|2.242.33
water solution .75 1.8911.971{2.60({2.83(3.32 |-~~~
27 percent 0.5G 1.82{1.56]1.92}2.11{2.20(2.15
dimethylamine-
water solution
with exhaust
back pressure.b

8Any contribution of the amines to the energy of combustion
was entirely neglected 1n computing the fuel flows.

EThe indicated mean effective pressure for this test (back
pressure equal to half the intake pressure) is compared
with the indicated mean offective presssure for a test of
straight fuel (atmospheric back pressure).

Ratlonal Advisory Committee
for Aeronautics



NACA ARR No. EHL2I
1'“ LA RES BRARS T LELELES Trrygrrroegpenray B BRASLRAREE BAARI ARAES
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS 3
9F 3
o 3
- E
F 3
8 P b
s F : :
i& : / ]
Py p
8,7
SOF Z 3
T S 3
4 F v E
6E < ,/ .
C 3
C o H 3
3 E
5: ]
ST -1
N 3
g < O\ONA g 4
F—H
: ol ad | sod ]
AE J
E Internal coolant
{injected 0.25 1b per lb fuel)
E Norie
o Water
E ju} 32-68 percent (wt) monomethylemine-water
- < 27-73 percent (wt) dimethylamine-water
s ]
koo -
i - 4r"J - ?v\\02?~ 3
F k. /D‘ \ 3
360 = \{ 2
: s ’ N 3
N N AN 5
3320 F o ) /;77 //r 3
= C & k. 3
- -
- o -
& o 3
5280 v ]
E’ 2 \ o /// o - 3
8 E —q
| L \h\ > %
2. E -y pd ’_\\J\ \\o.-
Letof = - .
8 C 6 F\wy\ 0 ° ]
g s — L{D/ .
3 - /////, -
200 | = 3
| " 3
- \ ]
- —_————— 8~211
160 Al il alil OB EY BN NEENEN] Uy EENN] il 1411 Lill Litl Lidl 1122 41d 11td 111l L L1l .
Ol .05 .06 .07 .08 .09 +10 +11 .12 .13
Fuel-alr ratio

(a) Variation of indlcated specifie fuel consumption and knock-limited indicated mean effective
preasure with fuel-alir ratio.

Flgure 1, - Effect of manifold inJection of 0,25 pound internal ooolant per pound fuel on knock-
limited engine performance, CFR engine; AN-F-28, Amendment-2, fuel; compression ratilo, 7.0;3
coolant temperature, 250° F; spark advance, 30° B,T.C.; engine speed, 2500 rpm; inlet-air
temperature, 250° F,



Fig. Ib NACA ARR No. E4L2I

[
n

- P
=

0

Knock-limited inlet-air pressure, in, Hg abs,

1sle, 1b/hp-hr

ISR ASSRRRASARRRASS AARS) RARAI RARAS BARAS LASRS RAREA RAREE RARS]
NATIONAL ADVISORY
COMMITTEE FCR AERONAUTICS

LARAS
[ASEE EW|

TIVIJTITIV
n//
1011 NN

LA RRARI

L

n =
3 \ ]
E Internal coolant 3
- (injected 0.25 1lb per 1b fuel) p
\ None 5
\ o Water ]
O  32-68 percent (wt) monomethylamine-water .
©  27-73 percent (wt) dimetihylamine-water sy/ h

TYTYTI T JIT Y

|
/
.

%

Ladad s i lag iy

S

/
-4
\j\

2.3

NN

AN
N

!
:

l|'§‘ LI
&
NN

.

*i
X

oN
LARANAAARS LARA) ’JITI
////
>
e
N
N

C e 3
F1,0 — 4 3
s %%// E
E .8 ,5519;3 /,,/// 3
g B 1 :
. !gt n\o~ FasTmd / 3
- o 5
M e il | 5
: ~—_ a8
;fyu eI T ST TN SRS SN NN ad ot bl i il a gl il adl e dtle il IIIF
Ol «05 «06 «O7 «09 «10 .11 .12 .13

o

. Fuel~alr ratlo

(b) Variation of knock-limited inlet-air pressure and indicated specific liquid consumption
with fuel-alr ratio.

Figure 1, - Concluded,



NACA ARR No., EML2I

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

\A RS AERRS LESES ARARE RARAI

Trry L4

LEE BB

sook. , _
: il é
® ]
] 1] 5
7oc§ ° /u ]
5 / §
- / o 3
6505 f[c = 3
E A E
é a4 5
600 o 3
: a )/’ :
: 9/ o) 3
s50F 3

TTT

3

NI

p, 1b/sq in.

30

Al

NN

@ -
]
-l ; / =
gll-sc & /O/ -4
- a3 ‘. -
[ o (o4 .
Eal - h
i i ]
x 3 oo / :
s b P 7 3
e R— L, B
C ‘(‘ (”/7 Internal coolant ]
. e (injected 0.50 1b per 1b fuel) 3
\ o None ]
o Water s
35C: o 32-68 percent (wt) monomethylamine—water?
F & 27-73 percent (wt) dimethylamine-water 7
- N ~ ]
o \ (o] 1
200K ‘% -
o p—0—] o o | 1
[ -0 X ] .
C . /o___.O—o— o R
o // - 3
o A 3
3 ™ | ]
3 8-2X
1 :AIII IUTEI SETEIETEEI IR ENE BE1 SN SV ENI NN CENVI SERN s NN NI UNES I NNl FU NS I NN SUENE NENI
«Ol «05 «06 07 .08 <09 «10 011 .12
Fuel-air ratio

(a) Variation of knock-limited indicated mean offective pressure with rfuel-air ratio,
F1 e 2, = Effect of manifold inJection of 0.5 pound internal coolant per pound fuel on knock-
CFR engine; AN-F-28, Amendment-2, fuel; compression ratio, 7.0;

1ted engine performance.

soolant temperatyre, 250° F; spark advance, 30° B.T.C.; englne speed, 2500 rpm; inlet-air

temperature, 250 .




Fig. 2b NACA ARR No. EUL2]

loz LA v rery LA TYIryyrTrvreyenrTy IRBEASAREEE BAREE RARR) TV
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS ]

3 3
1.4 p .
d / ]

o Q) ]
1.2} g ]
- ° 3

2 F ]
& F ]
S2.0f 3
Tk s :
o E AL ]
5 F e ]
e L 5 h
“*F A P = :
X o P | b

E / A h

E g o 3
‘6_ S o / -
C L ]

s — — :
b ]

: ]

N Internal ecoolant . 5

1 O- (injected 0.50 lb per 1b ruel) 1
[ None 5

o 0 Water . b

o o 32—65 percent (wt) monomethylamline-water ]

- © 27-73 percent (wt) dimethylamine-water h

IF o a ]
; fz ;
8t - ]
s o’o/ / .
B.TE .
LE L E
£ A 3
A o ;}71 L 3
66' /V 3
- 3 {0’ L E
-t o 2 ]
05: \j-\o /Vf} :
C o 3 3
~ \\\\\ ‘1r—r4P°’f::::7ﬂ7¢6 R

- 5 5

“E Gika i :

o p-21 ]
311L1 NTHI U ETI ANV I SUSTU SN IO NN I AN NI NS U STV N EE NI SWNEINTYE] llelIIIllllllll:

Ol .05 «06 .07 .08 «09 10 o1l .12 .13

with fuel-air ratlo.
Figure 2, - Continued,

Fuel-alr ratio
(b) Variation of indlecated specific liquid consumptlon and indicated specific fuel consumption



NACA ARR No. ENL2I Fig.

[

LILELE T TEIVETTTITRTITITIRTIONY LREAS RAESA LEEAS RERA) TT TYyvig
NATIONAL ADVISORY E
COMMITTEE FOR AERONAUTI!ICS p
E 3
C 3
C 3
3 3
- -
- 3
s ]
o ]
E :
E Internal coolant 5
200k (injected 0.50 1b per 1lb fuel} i
o None b
o 0o Water (o) al .
- o  32-68 percent (wt) monomethylanine-water ! ]
& 27-73 percent (wt) dimethylamine-water J; o ]
180K / .
¢ F 71 ]
o [ ! 3
s F J / ]
&£ F S& S s ]
5160f \C o ]
A S 25 /éb ]
= L . -4
{ of L ﬁ“ ]
[ -
Brvof—28 4
[ o &k n}yéf/j
P »
s F o %9 ;
Zr20f S0 =
-t " Y
9 o & \\n //ﬁ 4
|3 o ]
- - 1y .
4 \> \u\ 3
) o p
£ x\ ):// .
o o 7
é‘ : . (/6 :
: K 4 o /] ]
80 |- Y‘ A ra 1
E N ;f 3
C < © p
E T\ <6}4(L__4—0—ﬂ40-407 —0 o .
60 4
: ™~ — 1 | .
F 213
]‘O:llll SRl FU ST NN ST AU WR AN TUNTI NS SEUTS BN Sl SEETI ST FEEYI EUE N NG SN NS
~Oh +05 ~06 «07 08 .09 .10 .11 .12

Fuel—air ratio
(c) Varlation of knock-limited inlet-air pressure with fuel-air ratlo.
Figure 2, - Concluded.



Fig. 3a NACA ARR No. EML2I
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(a) Varlation of knock-limited indicated mean effective pressure with fuel-air ratio.

Figure 3. - Effect of exhaust back pressure and injection of 0,75 pound dimethylamine-water
solution per pound fuel on knock-limited engine performance. CFR epglne; AN-F-28,
Amendment-2, fuel; compression ratlo, 7.0; coolant temperature, 250° F; spark advance,
30° B,T.C.; engine speed, 2500 rpm; inlet-alr temperature, 250° F,
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Fuel-air ratio
{b) Varlation of indicated specific liquid consumption and indicated specific fuel consumption
with fuel-air ratio.

Figure 3. = Continued.




Fig. 3c NACA ARR No. ENL2I
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(e) Variation of knock-limited inlet-alr pressure with fuel-air ratio.
Figure }. - Concluded,




NACA ARR No. EUL2I

(a) Intake valve and major-thrust side of piston.

Figure 4. - Piston and valves after 55 hours of operation.
Removed and photographed after engine breakdown at a knock-

limited indicated mean effective pressure of 967 pounds per
square inch.
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Figure 4. ~ Concluded.
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Figure 5, - Comparison of exhaust temperatures with and without internal cooling,

CFR engine; AN-F-28, Amendment~2, fuel:

250" F.

4 compression ratio, 7.0; coolant temperature,
2503 F: spark advance, 30° B.T,.C,; engine speed, 2500 rpm; inlet-alr temperature,
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Figure 6, - Effect of internal coolants on the reiation between knock~limited indicated mean
effective pressure and indicated specific 1iquid consumption. CFR e ine; AN-F-28,
An_gndnent-a, fuel; compression ratio, 7.0; coolant tenperatured 250° F; spark advaneoe,
30° B.T.C.; engine speed, 2500 rpm; inmlet-alr t emperature, 250° P,
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Figure 6, = Concluded.
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